Wor kfl @ADRDAt a
checking for Que
Gul de

Colorado Department of Transportation
CADD Manager os Offil ce

July 6, 2015



CDOT CADD Manager 6s

Introduction

Quality assurance is a way of preventing mistakes and avoiding problems when delivering a
product to customers. In this case, the product is an InRoads digital terrain model of a proposed
construction project. The procedures below are designed to familiarize the designer with the data
that is received at each stage of the design process, identify potential issues with the data, locate
areas of special concern within the project limits, and review produced data prior to its being
handed off to the next phase of design. The idea being to eliminate, as much as possible, passing
on errors or design flaws from one stage of the project to the next.

Quality assurance is especially important when project deliverables are electronic data files, such
as ALG (geometry), DTM (terrain models), DGN/DWG (CADD drawings), and/or LandXML
(geometry, terrain model, or cross section data translated to LandXML format). In the event that a
project is a candidate for 3D engineered modelling for highway construction, it is imperative that
they represent the intended design accurately because they can be used for Automated Machine
Grading (AMG). The result of following these quality assurance procedures along with the
Specifications DB 2016-4 (refer to PDM 8-33 to 36) is a 3D engineered model for construction that
is ready for use on the construction site.

Note: The creation of LandXML files is covered in Workflow IR 17 i Exporting A LandXML File

Outline for InRoads Quality Assurance

1. Initial Data Review - The initial evaluation process is used to determine how a project will
be designed. Itis also used as a final check of the existing ground surface to ensure that
there are no busts in the data and to identify areas of special concern. The following items
are used for the initial surface review:

a. Review existing surface Properties
b. Review existing surface Topo

c. Review existing surface Contours
d. Review existing cross sections

2. Setting Design Parameters and Reviewing Design Data 1 This includes various settings
that control where design data is generated and how data is displayed in MicroStation.
Each task in creating design data should be reviewed as it is completed so that the next task
will start with the most accurate data possible.

a. Geometry Review
i. Review Horizontal Geometry
1. Enter Event Points for areas of special concern.
ii. Reviewing Vertical Geometry
1. Profile Exaggeration
2. Annotating Profiles
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b. Roadway Designer Set up and Review

i. Template Drop Interval

ii. Changing Templates

iii. Using Event Points and other important stations
Horizontal and Vertical Cardinal Points (PC, PT,PVC,PVT, etc.)
Drainage structure crossings
Driveways
Median crossovers
Intersections
Pavement changes
Inlets and manholes

@0 ao0op

Note: | mportant | ocations could be stor
*.ird file in Roadway Designer. Howe v ¢
Pointso within the *.alg file makes t1
without having to load the *.ird file.
iv. Setting up and reading Roadway Designer displays
v. Review Component Quantities
3. Creating and Reviewing the Design Surface Model -
a. Set up the Create Surface command
b. Review design surface Properties
c. Review design surface Contours
d. Review design surface Topo
4. Comparing Existing Surface and Design Models Data i Design data should be
compared to the existing surface data and design criteria at the completion of each design
step to ensure that the most efficient design is being developed.
Cross Section set-up
End Area Volume set-up
Generating Triangle Volumes
Comparing Triangle Volumes to End Area Volumes
Using Mass-Haul Diagrams

®ooop
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1. Initial Data Review

The designer should review the existing ground dtm upon receipt. This is so that the designer can
become acquainted with the terrain and to verify that there are no errors in the surface. This review
should include reviewing the Surface Properties and reviewing contours of the surface.

a. Surface Properties

The Surface Properties dialog box contains general information about the selected surface such
as the surface type, number and type of features within the surface, data ranges, etc. To review
the Surface Properties:

1. Right click on the surface name in the InRoads Explorer and select Properties from the list.
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2. Inthe Surface Properties dialog box, review the Data Range area. Look for entries that
seem abnormal for the area of the project. The most common and easily recognizable issue
is a zero minimum elevation.

M Surface Properties El_g
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. - - -
Eevation 000 spas 2 [| M Ports: 5072 362 263 5335
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Just because there is elevation data at zero does not necessarily mean a bust in the survey.
Untriangulated data stored in the surface at a zero elevation will not affect the triangles above.
However, seeing a zero elevation should prompt additional investigation to determine if the data
is valid or not.

1. Leftclick on the Advanced tab. The Cross Sections and Profiles Symbology should be set to
T_Existing_Ground. This symbology causes the existing ground to be displayed as a green
dashed line (the CDOT standard) in cross sections and profiles. If the symbology is set
incorrectly, inform the surveyor so that it can be reset.

Profies
Symbolagy

o @ o R W M

2. Left click Close to dismiss the dialog box.
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b. Review existing surface Topo

A MicroStation file of the surveyed topo can be found in the \ROW_Survey\Drawings\
Reference_Files folder under the project directory in ProjectWise. The illustration below shows
the path to the survey topo file in a sample project.

View Tools Window Help

Bl ProjectWise Explorer

Datasource  Folder

- WE RS @ 84 - search 3 + [ : intertace[coor ) : View Standara ~]
@ - D - [ address IQPWZ01.dot state.co. ocum 12345\ + > Go
{JJ ProjectWise Explorer e + | 5 L | @ Geospatal
- (% CDOT_Active_Projects (dot\ferreec) Nee 2 Description Versio
s "T‘: o 7 B 12345 Crossover_Topol00Scalel.dgn 12345 _Crossover_Topol00Scaledl 1 12872
& Configurstion 7 #A 12345R0W_Model.dgn 12345ROW_Model 1 12872
dmsSystem o/ #A 123455URV._Contourl00.dgn 123455URV_Contourl00 1 122
ais o/ A 123455URV Model.dgn 123455URV_Model 1 172872
= H /7 1234550V Topo_Scalel00.dgn 123455URV_Topo_Scale100 1 1282
& pmo || 7 #123855URV_Topo20.dgn 123455URV_Topo2d 1 1/28/2
= Projects 7 A 12455URY_Topod0.dgn 12455URV_Topod0 1 1282
J (7 00000-09999 o/ P 122455URV_TopoS0.dgn 123455URV_TopoSD 1 22
L 10000-10999 7 R 1231550RV Topol00.dgn 123455URV_Topol00 1 1282
L 1100011999 7 R 123455URV Topo200.dgn 123455URV_Topo200 1 1282
(& 000-099 7 B 123455URV_Topod00.dgn 123455URV_Topod00 1 172872
£ 100199 7 BA 123455URV_Topo500.dgn 123455URV_Topo500 1 1/28/2
L 20299 / M 123455URV_TopoCodes100.dgn 123455URV_TopoCodes100 1 1/28/2
5 1235 7 #A 122455URV,_Topolevations100.dgn 12345SURV_TopoElevations100 1 172872
7 Bridge /7 A 123455URV_TopoNames100.dgn 123455URV_TopoNames100 1 172872
4 Construction 7 B 123455URV_TopoNotes100.dgn 123455URV_TopoNotes100 1 17282
o Co 7 A 123455URY._TopoSymbols100.dgn 123455URV_TopoSymbols100 1 12872
o / A JERRY Elbert.dgn JERRY Elbert 1 1/28/2
- Hydra
411 Landscape_Environmental
4 (= Materials_Geotechnical
- Miscellaneous
41 Planning
- Plot Sets
{Z Project_Configuration
(= Project Manager Folder Propeties | Dependency Viewer | Access Cortrol
' Rediine Property value Property name Property value
T Reference_Files Folder Desc
cooT Enviror CDOT General Environment
Worksy
m-93222 Owner DOT\ferreec
Crested By DOT\ferreec Crestion Time 1/28/2015 42348 PM
s Updated By DOT\erreec Update Time 1/28/2015 423:48 PM
i [ Survey
& Working Workflow State
& Specifications Document Count 18 Disk Usage 17,62 MB (18,476,032 bytes)
= Traffic TS Parent Folder Training\InRoads\Students\Stude.. B
q1- Utilities kbl
0 objectis) selected 110PM

There may be several versions of the topo file in this folder. Because of the way that data is
written from the fieldbook, a version is created for each plan sheet scale.

Open the JPC#SURV_Topo_Scale##.dgn file read only so that no inadvertent changes are
made. Looking at the topo, items like right of way, utilities, drainage structures, and driveways
can be identified. Review the data with an eye towards items that can and/or will influence the
design such as existing pavement widths, Drainage structure and utility crossings, right of way,
buildings, guardrail, pedestrial paths, environmental sites, signage, and other structures near
the proposed roadway, etc.
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Generally, survey data is collected in a narrow corridor along the path of proposed construction.
However, having a larger view of the area surrounding the construction site can be beneficial.
This can be obtained through the use of aerial photographs. The top illustration below shows
the surveyed data of a project. The bottom illustration shows the same data overlaid onto an

aerial photo.

Survey data overlaid on aerial photo

CAD Data checking for Quality Assurance Guide
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As can be seen in the two illustrations, items of interest show up in the photo that are not
represented in the survey data. CDOT has an archive of aerial photographs that cover the entire
state. Refer to the workflow Workflow MS 12 - Accessing Imagery Files to access and copy
photos from the archive to the project folder.

Rotating the view in MicroStation can also show large elevation differences in surface data.

3. Using the View Controls, select Rotate View > Front View (or Right View)

s

= View1 - Top, CDOT Defautt = e e
Brd#~- AQQRE N>R E| Ry E%E
%3 1 Rotate View 2

pli
g 3 Front View

4 FRigt View

W

{

Eottom View

Back View

Left View
Right-lsometiic View

e oo |~ e |

=3 Open as ToolBox

4. Select Fit View. This fits all the data within the file into the view. The rotation shows the Z
axis (elevation) from top to bottom. The illustration below shows data with a large
variance in elevation.

. )
w View1 - Front, CDOT Default =] = [==]
B-@dw-ARQREHLN  WYFREL &7 6L E

&

Remember to rotate the view back to the Top View when the review is completed.
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c. Reviewing Contours

Reviewing contours of the existing surface will readily show if zero elevation data in the surface
is affecting the triangulated model. It can also indicate other anomalies that are not apparent in
the surface properties. Surface anomalies will generally appear as a group of densely packed
concentric contours.

To display contours of the existing ground surface:

1. From the InRoads menu bar, select Surface > View Surface > Contours. This displays the
View Contours dialog box.

' 5
M= Bentley InRoads V8i (SELECTseries 2) (== | =) ﬁ

i Trangulate Suface

Diemign Suface
Edt Suface
C Feature b 1T Sudace Bevations :
o+
Ready it Sutace Properties.. "2 Sape Vectors... .
i Single Paint q=
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2. Inthe View Contours dialog box, left click the Preferences button. This displays the
Preferences dialog box. Preferences are used to determine how the contours are displayed
in MicroStation.

B View Contours Elﬂ
Mein | Advanced | Labels

(12345 Bsting Gro »| [ Help |

gnore

(<] Majer Contours DTM_Ex_Contour_Maar
(=] Minor Contours DT _Ex_Contour_Minar
[] majer Labele DTM_Ex_Contour_Tesd
[] Minor Labels DTM_Ex_Contour_Text
|:| Major Depression Co, DTM_Ex_Contour_Major
[] Minor Depression Co..  DTM_Ex_Contour_Mnar

| e (.

3. Highlight the desired preference from the list then left click the Load button followed by the
Close button.

MName:

CDOT - )
Delout | load |
Exdsting 1 My - 0.2 Minar [ o ]
n]Hr-Eﬂ'nl:r e

Existing 5 My - 1" Minor

d
mxd 1" My - 0. Minor _

Prremeead 11 e . 7 M
4 m [ 3 [

Active Prefarance: Basting 1" Mr - 0.2 Minor
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Using a small interval makes surface anomalies show up better, though it will increase

processing time. The illustrations below show the same area of a surface that contains a shot

with a 5 foot elevation bust. The major intervals
how much easier the anomaly is to see in the left illustration.

1 foot contour 10 foot contour 100 foot contour

Any guestions regarding the existing ground surface should be referred to the surveyor
responsible for the data.

d. Creating Cross Sections

Reviewing cross sections of the existing surface is another way to verify the data. They can
also be used to determine various aspects of the surface, such as the side slope value on
existing roads.

1. Select Evaluation > Cross Section > Cross Sections from the InRoads bar menu.
This displays the Cross Sections dialog box.

2. From the Cross Sections dialog box, left click the Preferences button. This displays
the Preferences dialog box that is associated with Cross Sections.

3. From the Preferences dialog box, highlight the desired preference and left click
Load . Because these cross sections are for review only it is suggested to use the
Stacked 20 per column preference.

10
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4. Leftclick Close to dismiss the Preferences dialog box.

B Cross Sections = =
File
Crogz Section Set IMode: (@) Refresh Display On Diisplany CFf
- ﬂ Start Stop
S Create Cross Section Sat Name: SH a5
o o [oow e <]
Include Intenval: 50.00 ﬂ
-2 Cortrols e
23 Custam = 4000 ﬂ
H:| Layot Right Offs=t; B0.00 ﬂ
2 Gid Vettical Exaggeration: 2 0000
{1 Detals | Show Diata Cutside Flevation Renge
-{E3 ASCIH or LandXML Sirfaces:
[£] Arnatate Cross Section el Default
[ Update Cross Section Chjsct Name PW 10H 5V 120 Wide
PV 20H 10V 120 Wide
(1 Endirea Volumes [ Defauit Defaul P 20H 10V 200 Wide
[<] 12345_Edsting_Gra.. T_Exigting_Ground PW 40H 20V 1607 Wide
PR 40H 200 2407 Wide
N s .

L8

5. Setthe Interval to the desired value. 10 is the standard template drop interval and
can be used for this review.

6. Setthe Left Offset and Right Offset values to ensure that the entire width of the
design area is visible within the cross section window.

-
e crossectons . e
File
Ciozs Sechon Set Mode (@ Refresh Display On Display Off
N ﬂ Stat Stog:
{3 Create Crogs Section Set Name: SH 86
-* Source Enzie Vindowand D=a
Include Intarval: 10.00 +
(£ Controls Lt Ot
{23 Custom 150.00 +|
) Aoces sl .
) Geid Vertical Exaggeration: — 3 0000
-~ Detals || Show Dista Outside Bevafion Fange
e ammn . .
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7. Select the Source leaf and verify that the correct alignment is selected.

I Create Cross Section

Iode (@) Refresh Displey On Diisplay OF
- ﬂ Star: 20540000 Stop:  205+00.00
® Asgrmert. +
[ Singks Station: |203+20 28 +|
() Graphics
Higrement
©) Mulbipaint
Aigrment
(0 ASCH or LandXML File

8. Expand the Controls folder. Set the Limits as needed.

File
Crozz Section Set

5H 86_13

Mode: @) Refresh Display On Desplay Off
- ﬂ Start 205+ Stop:  205+00.00

' Create Cross Section
; Genera

7| Elevation

9. Left click the Apply button then left click the location for the cross sections. This
creates a cross section set. Below is an example of what a cross section will look like.

L 2]
[T~ ey S
. R
ea20
=150 -MO =120 =100 -BO
5640
830 re— AT T
_______ 7
Ll
150 -Mo 120 -100 -B0

STA. 2hje)

-0 -0 -0 [ 0 40 60 8o
SIA. 200e00

=0 40 -20 L] 20 40 80 G
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To review existing sideslope data, annotate the segments of the existing surface.

10. From the Cross Sections dialog box, select the Annotate Cross Section leaf.

r | ‘
B Cross Sections =8 8 |
Fite
Cross Section Set: Mode: @) Refresh Display On Display OF
Start:  203+80.22 Stop:. 044216
Sufaces Preference ﬂ
BN 12345 _Exsting GroCDOT
U
Limts
|] Station Range
Start [203480.28 -] #|
Sto (260043.16 -]+
Location
@ Object 7 Ads . Frame
M U
ooty | [Preferences..| [ Close || Hep |
. A

11. Toggle off Include Points and Include Features.

File
Crass Section Set:

ade @) Refresh Cigplay OFf

[sHEs

Digplay On

']ﬂ Stait  203+80,28

IE0+43 16

() Create Cross Section

| Postion | Prefc | Sufie | Precision | Fomnat

0 I
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Gnd

Mode: (@ Refresh Cisplay On Display OFf

Stop:  ZEl=4316

B General
1 Points
L) Segmerts
L.

a Annotate Crose Section

| obiect | Position | Prefic | Suffex | Precision  |Format | Name | |
[ Leader
[E] Cffzet 1 OFf: 0.12
[ Bevation R Bew 012
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12. Toggle on Include Segments.
13. Toggle on Minimum Annotation Width and set the value to 5.
14. Toggle on Slope Tolerance and set the value to 1.00%.

f ~r
B Cross Sections = =
File
Cross Saction Set: fresh D=play On isplay OFf
|5HE6 |+
1 Creste Cross Section [¥] Include Segments
{23 Annotate Cross Sect
_." o Ga‘;ﬁ"oss = | otiect | Position | Prefix_| Suffc | Precision | Format | Name ]
i1 Pairts L wiatn 1 ' 0.12
{85 Sagments [ Sope Length 1 SpLen 0.1
| - # Geners [ Sape 1 012 5%
M Annotate [ Atemats Sape 1 0.1 20 B I
1 Features
@l Frame || Digplay Absclute Slopes
1 Updste Cross Saction Use Akemate Slope f Sope Exceeds:  10.00%
:| End-Area Wolumes
fi [
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ke

These options allow for an adequate amount of annotation and keep the plans readable. If
more annotation is required, adjust the values as needed.

15. Left click the Apply button to display the annotation. Below is an example of cross
sections with Segments annotated.

0.86% _|-261X -y,

-4.03% 2.28% pa. .g70% | -t e I
Suiis 2t B g sy | Lia

STA. 203+80

-60 -40 -20 0 20 40

16. Close the Cross Sections dialog box and review the annotated sections.
14
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Displaying Features in Cross Sections

Displaying existing surface features, like drainage structures, in the cross sections will help to
evaluate design needs in areas that impact existing structures.

Note: Example Cross Section
The procedure for displaying features in cross sections follows.

17. Verify that the Global Scale Factor is set to the desired scale prior to creating the cross
sections.

15
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